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SHEET-LIKE DIAGNOSTIC DEVICE 



The invention relates to a solid diagnostic device 
which comprises several functional sectors and is used 
for the detection and quantitative determination of sub- 
stances or anaiytes in biological fluids. The invention 
also relates to a process using this device in which, after 
the device has come into contact with the fluid, the 
anaiytes react with specific combination partners hav. 
ing biological affinity and are detected by means of 
Labelling reagents. 

tn methods of iiagfrre the ability to identify and 
estimate specific compounds has made it possible to 
monitor the sdininistrahon of medicaments, the quanti- 
fication of physiologically active compounds or second- 
ary products thereof and the diagnosis of infections. In 
this respect, the immunoassay methods (RJA. ELSIA 
and the aggluonaoon test) are of particular importance. 
The specific combination reactions utilized in the tests 
are not limited to immunological interactions, such as 
antigen-anobody or hapten-antibody interaction*, but 
also utilize interactions having biological affinity, such 
as lec tin-sugar or active compound-receptor. 

Although the existing tests are sensitive and specific, 
they do not constitute convenient application forms, 
because of the long duration of the test (in most cases 
several hours or even days) and the frequent test steps, 
such as imrn» w reaction, washing steps and enzymatic 
reaction. The long test times are not compatible with 
use in emergency methods of diagnosis. 

Integrated dry chemical test elements, such as are 
described in the present invention, simplify the perfor- 
mance of the tests and shorten the test times. 

So sheet-Like test element, in which all the compo- 
nents of the immune reaction of a heterogeneous immu- 
noassay using solid phase detection, and the functional 
performance and the "bound-free" separation, are inte- 
grated has been described so far. 

Whereas in the test strip assembly the immune reac- 
tion steps and the separation of bound and free phases 
are operated in the heterogeneous test by directed 
streams of liquid, in test element assemblies operating 
by means of thin layers 't""*"-* over one another 
(film technology), processes controlled by diffusion and 
directed by the concentration gradient are possible 
driving forces. A fluorescence labelling is used in Ger- 
man Offenlegungsschrift No. 3.329.728 (Japanese Pa- 
tent No. P1M.M1/82) and EP A No. 0.097,932 (Japa- 
nese Patent No. 114.359/82). The labelling has a low 
molecular weight and hence promotes processes con- 
trolled by diffusion. However, the test has to be carried 
out at an elevated temperarure. In the first of these two 
cases both the free phase and also the bound phase are 
evaluated. In film technology the absorption of solvent 
is effected either by hydradng swellable components or 
by filling capillary cavities. In the case of assemblies 
having layers laminated over one another only the top 
layer and the bottom layer are accessible to detection 
without major difficulties. 

After the reaction steps have taken place it is difficult 
to react reagents with components in intermediately 
placed layers. In the test strip assembly having zones 
situated one behind another, such as is used in the pres- 
ent invention, in principle each zone is readily accessi- 
ble, both from shove and also from below, for a deter- 
also for the addition of reagents which 
may perhaps be required. 
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The invention relates to a sheet-like diagnostic device 
which cooLuns all the reagent components and which 
contains not only all the components required for the 
functional sequence, but also the functional sequences 
themselves in an integrated form, and by means of 
which it is possible to detect an analyte having proper- 
ties of biological affinity, in such a way that a solution of 
the analyte is brought into contact with a functional 
region of the device designed for this purpose, and the 
analyte as detected via a signal-producing system in a 
single functional region, a solid phase zone. 

A second analyte. or further analyte*. as constituents 
of the same solution can be detected at the same tune by 
means of the device, if these analyies possess properties 
of biological affinity different from the first analyte. 
They are also detected in the same manner as the first 
analyte in a Jingle functional region, a solid phase zone 
appropriate for them. The functional regions for the 
detection of the second or further analytes are situated 
on the sheet-like device in front of or behind the func- 
tional region for the detection of the first analyte. The 
device can also contain several solid phase zones which 
are appropriate for an analyte and different measure* 
ment ranges of this analyte. The device contains all 
reactants and reagents in a dehydrated form. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a summary table illustrating tot assemblies 
according to certain preferred embodiments of the pres- 
ent invention; and 

FIG. 2 is a summary table illustrating test assemblies 
according to certain preferred embodiments of the pres- 
ent invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The sheet-like diagnostic device comprises one or 
several strips, arranged behind one another, of material 
which have a capacity for absorbing aqueous solutions. 
The strips are fixed on a solid support They contain the 
reagent components required for the particular diagnos- 
tic agent and thus become functional sectors or func- 
tional regions. The functional sector situated at one end 
of the strip-shaped device (solvent application zone) is 
brought into contact with the analyte solution by being 
dipped into the latter or by the application of the tatter. 
The solution migrates through all the functional re- 
gions. The absorptive capacity of the supporting materi- 
als of which the strips are composed causes a flow of 
liquid which stops at the other end of the strip-shaped 
device. The analyte can also be applied in the middle 
region of the device, and a flow of liquid from one end 
of the device to the other can then be i nd u c ed . 

The sample does not have to be applied directly to 
the chromaio graphing section of the device. It can also 
be applied to an absorptive material which is situated on 
the device and has the function of removing blood cells 
from the sample. After bang filtered the sample then 
reaches the device. In the course of this nitration pro- 
cess the addition of reagents can be effected at the same 
nww by dissolving the latter out of components present 
in the filter in a dry state. Interfering factors can be 
eliminated from the solution by means of such compo- 
nents, Thus, for instance, the ascorbic acid present in a 
sample, which interferes in the use of oxidases and 
peroxidases as labelling agents, can be rendered harm- 
less by means of a suitable oxidising agent. Further- 
more, the filter can also have the funcnon of an adaor- 
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bent which removes interfering factors from the simple 
by adsorption. The filtration, adsorption and reagent 
ainuing function for conditioning the sample for the 
test can also be taken over by the mobile phase applica- 
tion lone or a tone situated behind the latter. 

The distribution of the solvent tn the individual func- 
tional reports depends on the adaorpove capacity and 
the dimensions of the materials used- 

The solvent application rone can have the function of 
a volume metering element as described m German 
PatemNoa. 3.043,608 and U 32.760, a* U-S Pat N«. 
346O60, 3.600,306, 3.667.607. 3,902.847. 4,144.306 and 
4 258 001. It can contain, in dry form, the various rea- 
gents required for the function of the test element The 
solvent application rone can be ■ piece of fabric paper 
which a located at one end of the test element and 
which becomes completely sarurated with a definite 
volume of liquid merely by being dipped into a solution, 
for example a solution of the sample, or by beuig briefly 
flushed with tap water, and then releases the liquid to 
the succeeding zones more slowly and in a controlled 
manner. The solvent application zone has dimensions 
such that it takes up sufficient liquid to permit the latter 
to migrate to the other end of the device, the end of the 
absorption zone. »^__ 
Between the solvent application zone and the absorp- 
tion zone there are located the fmscwmal regions in 
which are contained reaction compone n t* for the per- 
formance of the test and in which all the reaction stages 
of the performance of the test take place. Pan of the 
reaction components for the performance of the test can 
also be housed in the sample application zone. The 
absorption zone has the function of absorbing excess 
and freely mobile reagent components and reaction 

products of the angle-producing system. 

The absorbent supporting materials tn the form of one 
or more strips, as constituents of the ^owfunc^nal 
regions, can, according to choice, be composed of cellu- 
lose, of chemical derivatives of cellulose or of plastics 
having a porous or fibrous structure and adequately 
hydrophilkproperties. or of particles such a^cellul«e 
J ahca gel embedded in a synthetic membrane, and 
alao of riararal product, which are hydropouc but have 
been rendered insoluble tn water. A combination of 
strip* composed of different material, can be used. Suit- 
ibk absorb maienals are 

requirements set for the particular diagnostic device.^ 
Reactants with unmuoolofscal bindmf propernes 
such as antigens, haptens or antibodies are incorporated 
Tvahou. eSodimenTof the dewce. In the event that 
dycoprotems or oUgoaacchandes which attach tbem- 
sdva to lectins are to be detected, one reactam having 
biological affinity can be the specific lectin, while the 
wcond reactant having immunological affinity can he 
an antibody which is directed against a point of attach- 
oentcoS analyte other than that of the lectutlnthe 
event that microbial active coiiipoonds are to be de- 
tected. One combination partner can be the receptor 
substance for the active luiapoimrl while the second 
c*mb*a*» partner can be an antibody winch * di- 
rected afnhwWher point of anachment on the active 

^^^^ ^^^^^^^^ 
becomes attached during the V^V^^J^^: 
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partners) xre present in the supporting materials. They 
are provided with a labelling . 

Amongst the various known possibilities of labelling, 
enzyme labelling ts preferred, tt requires chxomogetuc 
substrate systems or substrate systems which produce 
fluorescence or chrmiliiminnfrTicr Chemilummes- 
cence labeiling represents a further example of a label- 
ling which is only measured after the addition of a rea- 
gent. It is possible to measure either the chemilumines- 
cence itself or a fluorescence excited by the larter. In 
moat cases fluorescence labelling is measured without 
the addition of a reagent being required. However, as in 
the use of certain rare earth chelates, it can also be 
desirable to produce the fluoropbore to be measured 
only as the result of adding a reagent, or to add a second 
fluorophore which becomes excited by the first or 
which excites the first fluorophore. The fluorescence 
can be measured at one point, as a function of tune or as 
fluorescence polarization. 

A reagent required for detection can be induced to 
react with the immune complex to be detected in vari- 
ous ways, after the separation stage. Part of the signal- 
producing system can be located in the sold phase zone. 
After the solid phase ban been a d e qua te ly washed, a 
reagent required to detect the labelling can be released 
at a retarded rate in various embodiments in the hetero- 
geneous immunoassay with detection in the bound 
phase. The following are possible examples: 

The application of reagents by means of a stream of 
liquid arranged parallel to the main stream of liquid, but 
flowing more slowly and starting from the mobile phase 
reservoir and entering in front of the zone containing 
the labelled component. The parallel stream of liquid 
can be controlled by using an absorbent medium which 
chroma to graphs more slowly, for example a paper 
which chromatogrmphs suitably slowly or s paper 
which is impregnated in places with "components tem- 
porarily blocking the way", such as. for example, poly- 
mers which impart a high viscosity on passing into 
solution (for example polyvinyl alcohols or dextrans). 

After the solid phase has been adequately washed 
(«• completion of chromatography), the application of 
reagents can be effected by pressing down an element 
which is a solid constituent of the test element. The 
"pressing down" can be effected mechanically or by 
removing distance pieces by the acnoo of a stream of 
liquid. For example, the mtrhanK** 1 pressing down of 
an element containing the reagents can be effected by 
pressing down a flap or a piece of paper supported by 
pieces. The lowering of an element containing 
the reagents by the action of the stream of liquid can be 
effected, for example, by laminating over one another 
the solid phase, a water-soluble polymer and the reagent 
carrier (for example a suitably impregnated piece of 
paper). 

A retarded mtroductioa of reagents into the liquid 
stream can be effected using s microencapsulated rea- 
gent which only emerges from the encapsulation after 
the solid phase has been adequately washed, or by coat- 
ing the reagent adhering m the matrix with components 
which dissolve slowly. 

One possible means presented for the special case of 
enzyme labelling ta as follows: when a peroxxlaae label- 
ling is used, a glucose oxidase zone can be placed tn 
front of the solid phase zone. Glucose and alao the chro- 
mogen an then incorporated into the liquid stream, 
which can result in color formation behind the glucose 
oxidase. Aopreciabk color formation is only observed 
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if. at an appropriately high concentration of peroxidase, 
sufficient HjOj is formed by the oxidise This formauoo 
of the peroxide sets in slowly, reaches aa optimum con- 
centration and finally reaches a high concentration 
which results in inhibition of the enzyme and thus auto- 
matic cessation of the color formation. This coloration 
can be moderated if an H?Ch- acceptor, for example a 
thioether as a mild reducing agent or the enzyme cata- 
lyse is incorporated in the oxidate zone or in front of the 
latter. 

In this example a reagent for detecting the labelling is 
produced by a delay circuit, making use of an enzyme. 
The color formation in the solid phase zone only begins 
after this zone has been adequately washed free from 
nonspeciftcally bound labelling by the stream of liquid. 

There are several possible means of preparing the 
solid phase zone. The components fixed there can be 
attached by chemical covalent bonds or adsorptively to 
an absorptive support which is a part of the test ele- 
ment These components can also be attached to a dis- 
persion of panicles which remain fixed at the place of 
application after they have been applied to an absorbent 
support. For example, suspensions of cells carrying 
specific receptors on their surface, such as, for instance, 
Staphylococcus aureus Cowan 1 cells, or hues particles 
carrying combination partners of biological affinity 
attached to their surface, are suitable for being fixed in 
a paper matrix. The components of the test strip which 
are attached to pipettable supports and also the unat- 
tached components of the device can be dried onto the 
absorbent matrix of the element by air drying; freezed- 
rying stages are not absolutely necessary. 

A few test performance will be illustrated as exam- 
ples of embodiments which can be regarded as indepen- 
dent of the labelling used. For the sake of simplicity, 
they are only described for the detection of a single 
analyte by means of the diagnoroc device. 

The following two embodiments, which conform to 
the principle of competitive immunoassay, will be de- 
scribed for the case where the analyte has only a single 
combination point of biological affinity or only one 
combination point of biological affinity out of several is 
utilized: 

The solid phase combination partner is attached by 
covalent bonds or adsorpbvely to the supporting mate- 
rial of the solid phase functional region. The solution of 
analyte renders mobile a predetermined amount of la- 
belled analyte contained in the diagnostic agent The 
two components migrate into the functional sector con- 
taining the solid phase combination partner and com- 
pete for combination with the solid phase combinaoon 
partner. If the proportion of analyte is high compared 
with the labelled analyte, little labelled analyte will be 
attached. If it is low, a peat deal of labelled analyte will 
be a tt a c hed, 

The solid phase combination partner is boused as an 
unattached component in a functional region m front of 
the solid phase functional region. The oncoming front 
of solvent transports it into the solid phase functional 
region, where it becomes attached. This solid phase 
attachment is produced by combination systems of bio- 
logical affinity which are independent of the combmav 
don system of the analyte. A combination partner 
which is conjugated with biotm attaches itself to avtdin 
attached to the support Aa umsunoglobulm, such as 
IgO. as a wmotnanoo partner , is Axed via in Fc compo- 
nent to suppon-atxached protein A of S. aureus, or it 
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attached by solid phase antibody of another species, non 
idiorypically directed to tud immunoglobulin. 

As previously described, the analyte and the labelled 
analyte compete, as constituents of the diagnostic agent, 
for the attachments to the solid phase combination part- 
ner during the processing period. This competition 
reaction cakes place partly with the dissolved solid 
phase combination partner and partly with the solid 
phase combination partner which has already been at- 
tached to the solid phase. 

If two combination points of differing specificity are 
present in an analyte, several embodiments, conforming 
to the principle of sandwich immunoassay, of the diag- 
nostic agent are conceivable. Two of these will also be 
illustrated below: 

If the solid phase combination partner is attached by 
covalent bonds or adsorpavely to toe supporting mate- 
rial of the solid phase functional region, the analyte 
forms, with the labelled combination partner, a binary 
complex which migrates together with the solvent into 
the solid phase functional region and reacts there with 
the solid phase combination partner, with the formation 
of a ternary complex, attached to the solid phase, which 
can be detected via the labelling of the first combination 
partner. The excess labelled combination partner is 
removed by the solvent into the subsequent functional 
region, the absorpnon zone, 

If the solid phase combination partner is present in a 
non-attached form in the diagnostic agent and is ren- 
dered mobile by the solvent, the two reactants of the 
analyte of biological affinity are housed in the func- 
tional regions in such s way that the analyte reacts 
simultaneously or successively with both reactants and 
the resulting ternary complex then migrates into the 
solid phase functional region, where, as already de- 
scribed above, it becomes attached to the solid phase via 
a second system of biological affinity which is indepen- 
dent of that of the analyte. 

In order to illustrate the embodiments descried above 
and further embodiments which conform to the immu- 
nomethc test principle, the principle of indirect anti- 
body detection or the EL A (enzyme-labelled-antigen) 
principle of immunoassay, FIGS. 1 and 2 illustrate in an 
exemplary manner the distribution of the components of 
the agent in the functional regions and. after the perfor- 
mance of the reaction, the composition of the solid 
phase complex, the amount of which is a measure of the 
concentration of analytes in the sample 

It has been found that s completely integrated test 
strip operating in accordance with the principle of het- 
erogeneous immunoassay by means of solid phase de- 
tection is not only feasible in principle, but can. in addi- 
tion, also be evaluated within a period of less than one 
hour, the quanorication and the sensitivity of conven- 
tional EUAj or ELISAs being achieved. The detection 
of trace compo n ents in the range of 10- 12 mol/liter has 
been made possible at reaction times of less than 30 
minutes, at room temperature, the amounts of sample 
required being 10~ l * tnol corresponding, for example, 
to approx. 1 pg. The arrangements described also enable 
tests of lower sensitivity requirements to be carried out. 
however. Standard curves over two to three decades 
were obtained when evaluation was carried out with 
the SanoqueU refiectometer (made by Quelle). The 
chromatography dme for the test element, including 
complete color development, is not more than 16 min- 
utes. Evaluation can also be carried out visually. With 
HCO as analyte, the sun of the range of detennmaaon 
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in to example using a glucose orirtssr attached to t solid 
phase tad a peroxidase labelling was OJ ag/ml (corre- 
sponding to 3 U/liter). 

In the example following, the application of the prin- 
ciple of the competitive double antibody test is pres- 
ented as a concrete embodiment. In this test configura- 
tion, four components have to be reacted successively 
for the determinaaon reaction and the separation stage, 
the reaction times and the concentrations of the reaciant 
being critical values. The example is not to be regarded 
ts Imnting in any way, bus merely serves to illustrate the 
subject of the invention further. 

EXAMPLE 

Completely integrated airyme-unmunochemicaJ de- 
vice for the detection of HCG by means of a built-in 
chromogen substrate system. 

LI. Reagents 

1. 1.1. HCG-peroxidase conjugate 

HCG having a specific activity of approx. 3000 U/mg 
was obtained from Organon. Peroxidase from horserad- 
ish was obtained from Boehringer Mannheim (catalog 
no. 413.470). The hetero-buWtiooal reagent N-y- 
^ B i^^oWy^irt«ymrrHiwniA> (GMBS) was ob- 
tained from Bearing Diagnostics and was reacted with 
the HCG as described by Trammon et aL, 1983, in 
J.Imm. Meth. 62, 123-13 1. 2-iminotniolaoe hydrochlo- 
ride (Sigma, catalog no. 1 6226) was reacted with perox- 
idase as described by King et ai. 1978, in Biochemistry 
17, 1499-1506. A conjugate was prepared from the 
GMBS-HCG and the iminothiolane-peroxidaae as de- 
scribed by Tammori et aL The crude conjugate was 
purified by gel chromatography over Ultrogel ACA 44 
(LKBV The fraction in which about 1-2 peroxidase 
molecules were coupled per HCG molecule was used 
for the test. The conjugate was diluted with Enzygnoai 
TgP iBcubation medium made by Benringwerke, order 
no. OS D, ^^g—t—4 briefly as mmhanrm medium in 
the following text. 

1.1.1 Antibodies 

Antibodies against HCG were obtained by immuniz- 
ing rabbits, and antibodies against rabbit-IgG were ob- 
tained by immunizing goats. The IgG fr actio n s were 
isolated from serum by sulfate precipitation 

and ffxchangr chromatography, and were purified 
farther by mimanadsorption. The mrthorts used are 
described m the book "Immune togiache Arbeitametb- 
oden" (la»anolog»cal working methods). Helmut 
Friemes. Editor. 19*4. Gustav Fischer Verlag, Stutt- 
gart. The ssti-HCO antibody was finally diluted m the 
conjugate dthmrm buffer indicated above. 

1.1.3. Glucose oxidase 

Glucose oxidase from Aspergillus oiger was obtained 
as a solution containing 300 U/mg (Serve, catalog No. 
22,737). The glucose oxidase was finally diluted with 

1.1.4. Glucose and Tetramethylhenridmr 
a-r>gteooas and tettemethyibenxidine hydrochlo- 
ride were obtained from Serve, catalog aa 2X720 sad 
31926, respectively. 



1.2. Preparation of the Device 

The sheet- like functional regions were prepared u 

follows: 

The mobile phase application zone was prepared by 
cutting, to dimensions of 20x6 mm. a fabric sponge 
cloth made by Kalle; this is a synthetic sponge of regen- 
erated cellulose which has been compressed in a dry 
state, it was impregnated with a solution of SO mg of 
glocoee and 0.75 mg of tetrmme^ylbenadine hydro- 
chloride per ml of water, and was dried tn a stream of 
air. 

The conjugate, the inn-HCG andbody and glucose 
oxidase (5 >d of each at 25 ^i/ml. 100 ui/ml and 0. 1 
mg/ml respectively) were applied behind one another, 
at uniform distance, to a 45 x 3 mm piece of MN no. 1 
paper (Macherey A Nigel), and were dried in the air. 

A piece measuring 5 x 5 mm of Schleicher A Schull 
So. 597 paper was coated in a covalent manner with 
tan-rabbit IgG-anabody as the solid phase zone. This 
was effected by coupling the antibody with the paper, 
which had been activated with cyanogen bromide, as 
described by Clarke et aL, 1979, Meth-Enxymology. 
volume 68, 441-441 

A 20x5 mm piece of Schleicher A Schull No. 2663/8 
paper was used as the abaorpaon zone. 

The four pieces of paper, with a 0.5-1 mm overlap 
behind one another, were Axed on a plasoc ribbon by 
means of double-sided adhesive tape (Tesaband made 
by Beiersdorf). so that a test strip 5 mm wide was 
formed. 

1.3. Performance of the Test 

The test was carried out in each case by applying 200 
pi of an HCG dilution in i n cu ba t ion medium to the 
fabric. 

1.4 Results 

The chromatographic development of the test ele- 
ment and the self -actuating color development were 
complete after 15 minutes at room temperature, and 
evaluation could be carried out either visually or by 
means of a reflectometer. 

The following values were obtained when evaluating 
the solid phase zone (No. 597 paper) with the Sanoqucll 
blood glucose evaluation apparatus made by Quelle: 
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The following values were obtained with the same 
teat strips using the Raptmat urine test atrip evaluation 
apparatus made by Behrmgwerke: 
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